
X)g
RM E57H07b

RESEARCHMEMORANDUM

PERFORMANCE OF A TRANSLATING -DOUBLE -CONE AXISYMMETRIC

INLET WITH COWL BYPASS AT MACH NUMBERS FROM 2.0TO 3.5

By James F. Connorsand GeorgeA. Wise

Lewds FlightPropulsionLaboratory
Cleveland.Ohio

(RasWWNim mcelled (er clwnmdto
- ~~cA#-w== j................”...........*..--*-”

9 /4&%’,.tiGH=’”BY Mhot Xy of..~8~k..@L?.. e~
%2$. ......................-.-*.

$OFFICf R ;.UTHORt2E0 TO C:iANGE]
.. /J/=~”i? 47

By .. . . . . . . . . . . ..kAj.E {WV ... . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
:

.... . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . .o. . . . . . . . . ...c.. . ..~. ~~~J~
‘“*’’.GR~~o~o~ “~ffiCE~ MAKW6 cHAW[ f

lx-’%z~J! ............
“n”””””” . ..’”’’ . . .. QhTE”’”. ~~

NATIONALADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
November13, 1957

—

,

.

—- -— —



TECHLIBRARYKAFB.NM

k

●

NACARM E57H07%

NATIONALADVISORYCOMMITTEEFOR

RESl?JRCHMIMXMNDUM

AERONAUTICS

I
PEFU?OIM4NCEOF A TRANSLATING-~UBLE-CONEAXISYMMETRIC INIJIT

WITHCOWLBYPASSAT MACHNUMBERSFROM2.0TO 3.5

By JamesF. ConnorssadGeorgeA. Wise

suMMARY

An experimentalinvestigationto determinetheperformancecharac-
teristicsof a translating-double-coneinlet(max.diam.= 16.62in.)
withfourvariablebypassdoorsmountedat a forwardstationon thecowl
wasconductedin theLewis10-by 10-footunitarytindtunnelat Mach
numbersfrom2.0to 3.5. ThetestReynoldsnumberbasedon inletcapture
diameterwasconstantat 3.07x106.

At Mach3.48,a criticalpressurerecoveryof 0.45wasobtainedwith
a mass-flowratioof unityandan externaldragcoefficientof 0.10
basedon themaximumfrontalarea. OvertheentireMachnumberrange,
stablereduced-mass-flowoperationwasachievedby varyingthebypass
dischargearea. Theattendantdragrisewas far.belowthatforcompara-
blebow-shockspillageand somewhatlessthanthatcalculatedforspill-
agebehindan obliqueshockgeneratedby a 30°half-anglecone. As the
bypassdoorswereopened,moderatedecreasesin recoverywereobserved
at thehigherMachnumbers.Correspondingly,at Mach2.54therewasno
effect,andwithdetached-shockoperationat Mach1.97therewas evenan
increasein recoverywithincreasedbypassflow. Effectsof angleof
attackon internalperformsmce(pressurerecoveryandexitflowdistor-
tion)weretypicalof axisymmetricinlets.

INTRODUCTION

Whena rsmjetor turbojetengineis requiredto operateovera wide
Machnumberrange,matchingrequirementsgenerallyspecifythat,with
fixed-capture-areainlets,largesmountsof excessairmustbe diverted
fromtheengineat off-designMachnumbers.Therearethreeprincipal
methodsof handlingsuchexcessair: (1)spillingbehinda bow shockat
thecowllip,(2)spillingbehindan obliqueshock,or (3)puttingthe
airthroughsometypeof bypasssystem.Investigationat speedsaround
Mach2.0witha 25°half-anglecone(ref.1) has shownthata low-angle-
dischargebypasshasa distinctadvantage,drag-wise,overtheothertwo
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2 NACAW E57H07b

methodsof spilling.Thisadvantageprobablypersistsat speedsabove
a Machnumberof 2.0;however,littleexperimentaldataexiston in3.et-
bypasscombinationsat thesehigherspeeds.

Thepresentstudyevaluatesa specificinlet-bypassconf5.guration
designedto operateat Machnumbersup to 3.5. Theinletwasa 25°-350
double-conetranslating-spikeinlet,andthebypassconsistedof four
variabledoors,90°apart,locatedat a forwardstationon thecowl. At
allMachnmbers, thesecond’obliqueshockwaspositionedat thecowl
lip. Internalandexternalperformancewasdeterminedforvariousby-
passdooropenings,anda comparisonwasmadebetweenthebypassdrag
andthedragincurredby spillingbehinde~theran obliqueor a bow
shock.

Thetestwasconductedin the10-by 10-footsupersonicwindtunnel
at Machnumbersof 3.48,3.01,2.54,and1.97,at anglesof attackto
12°,andat a Reynoldsnumberof 2.5x106per foot.

SYM80LS

A sxea

Ai inletcapturesxea,1.13sq ft

&ax maximumprojectedfrontalareaofmodel,1.507sq f%

% area

A3 area

CD drag

CD,C cowl

—

g.

al
—

,.-

—

normalto theflowdirectionin theduct
.

at diffuserexit(sta.66.0),0.961sq ft

Dcoefficient.—

pressure

cD,e externaldrag

- %AIEx
1

f

‘max
dragcoefficient,—rgu

rlip

CpClrZ

coefficient

c
P

P- Postatic-pressurecoefficient,—
%

D drag,lb ..-

M ‘Machnumber ..

Q3V3A3
m3/mo mass-flowratio,—

poVoAi o ““

.
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totalpressure,lb/sqftP

73 area-weightedaveragetotalpressureat station3~
lb/sqft

Y3/Po total-pressurerecovery

P3,max- ‘3,min

73
distortionparsmeter

staticpressure,lb/sqftP

dynsmicpressure,lb/sqft

radialdistancefromaxisof symmetry,m.r

velocity,ft/secv

axialdistance,in.x

Y annulardistanceacrossduct,in.

radialdistanceoutfromcenterbody,in.Y.

angleof attack,dega

ee

‘2
spikehalf-angle,deg

cowl-lipparameter;i.e., theanglebetweentheaxis
of symmetryanda linefromthespiketipto the
cowllip

densityof air,lb/cuftP

Subscripts:

msx

min

o

3

maximum

minimum

free-streamconditions

conditionsat diffuserexit,modelstation66 in.
fromcowllip ~

w

.
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APPARATUSANDPROCEDURE —

A schematfcdrawingof themodelispresentedin figurel(a),and
,.

photographsof theinletandbypass-doorarrangementarepresentedin
.-

figurel(b). Themodelwas sting-mountedin thetunnel.througha three-
componentstrain-gagebalance.h orderto varytheinletbackpressure,
a movableexitplugwasmountedon thesting,independentof themodel.
Besidestheexitplug,thepositionsof thebypassdoorsandthespike
werevariedby remotecontrol.

—
*
cn

Theinletwasa translating-double-coneinletdesignedso thatthe 5a.
obliqueshockscoalescedat thecowllipat a Machnumberof 3.5. At
lowerMachnumbers,thespikewastranslatedtomaintainthesecondob-
liqueshockon thelip. Theconehalf-angleswere25°and35°,andthe
initialexternalcowllipanglewas 23°. Bypassingwasaccomplishedby
meansof fourdoorslocatedat a forwardstationon thecowl(figs.l(a)
and (b)). Eachdoorsubtendedapproximately25°of thecowlarcand
could be rotatedabouta hinge4.43inchesaftof thecowllip. Coordi-
natesforthecenterbody,cowl,andbypassdoors aregivenin tablesI,
II,and111,respectively.

Internalareadistributionsat thedesigncowl-lipparameterfor
eachMachnumberarepresentedin figurel(c). Withthespikein the
Mach3.01position,theover-alldiffusionratewasaboutthatof an
equivalent5° conicalareaexpansion.The.maximumrateof areaexpan- --

sionoccurredbetween19 and22 inchesfrom~hecowllip,wheretheex-
pansionwas equivalentto thatof abouta 30 cone. *—

Instrumentationwas includedin themodelto determinepressure .:
recovery,mass-flowratio,externaldrag,tidcowlpressuredrag. Com-
putationof theseparameterswasperformedin thefollowingmanner:

(1)Total-pressurerecoveryat thediffuserexit(station3) was
basedon thearea-weightedaverageof pressuresmeasuredby 48 tubeson
sixradialrakes. An additionaltubewasplacedon eachraketo define
theflowprofilenearthestingS~face. L.

(2)Mass-flowratiowasdeterminedfroiuan averageof eightstatic
pressuresat station66 andtheassumptionOf isentropicflowfromsta-
tion66 to a measuredsonicdischargeareaat station100. A flowco--” ‘“”
efficientwasdeterminedfroma calibrationinletwhichcaptureda known
free-streemtubeof air.

(3)Totalexternaldragwasobtainedby subtractingthe internal
thrust(totalmomentumchangefromfreestr.ee.mto exit)fromtheaxial

-

forcemeasuredby thestrain-gagebalsnce.Thebaseforcesweredeter-
minedby meansof-static-pressureorificeson thebaseareas.

,i.-
These

forceswerenot includedin thetotalexternaldrag.
.
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(4)Cowlpressuredragsweredeterminedby an investigationof the
measuredstatic-pressuredistributionon the cowl.

the
lip

An additionaltotal-pressurerakewas installedin theannulusat
cowllip. Theentranceflowwas surveyedalonga linefromthecowl
perpendicularto thesecondconesurface.

Theinvestigationwas conductedin the10-by 10-footsupersonic
windtunnelat Machnumbersof 3.48,3.01,2.54,and1.97andat angles
of attackto 12°. TheReynoldsnumberof thetestwas 2.5x106per foot.

RESULTSANDDISCUSSION

Theinternalandexternalperformancesof theinlet~d bypassmm-
hinationarepresentedin figure2 forthefourMachnumbersinvestiga-
ted. At Mach3.48,the fnlettotal-pressurerecoveryat criticalwas
0.45withthebypassfullclosedandthespikeat a et of 32.82°. The
correspondingmass-flowratiowasunitywithan externaldragcoefficient
of 0.10basedon themsxlmmmfrontalareaof the inlet. A mass-flow
ratioof 0.94wasobtainedby extendingthespiketo a 62 of 32.42°.
Thetotal-pressurerecoveryat thisconditionwas essentiallythesame
as at thedesigncondition,but thedragcoefficientwasmarkedlyin-
creasedfrom0.10to 0.145becauseof theincreasedspillage.Alltits
presentedin thesefiguresrepresentstableoperatingconditions.For
eachdoorsetting,thelastpointon theleftindicatestheminimumsta-
ble condition,justpriorto theonsetof buzz.

Withthebypassdoorsin an openposition,thepressure-recovery
curvesof figure2 generallyshowa definiteshiftin enginemass-flow
ratio,whiletheinletforwardof thebypassstationwas stilloperating
in the supercriticalregion. Theseshiftsor stepsin thepressurere-
coveryagainstmass-flow-ratiocurveswerecausedby theterminalshock
passingoverthebypassdoors. As thisshockpassedacrossthedoors,
the~ressureratiobetweenthe internalstreamandthefreestreamin-
creasedmarkedly,andthebypassmassflowincreasedcorrespondingly.

A crossplot (fig.3) summarizesthecriticalinletperformanceat
zeroangleof attackfortherangeof bypasssettingsandMachnumbers
studied.At Mach3.48and3.01,moderatedecreasesoccurredin total-
pressurerecoverywithincreasingbypassmassflows. At ~ = 2.54,the
pressurerecoverywasrelativelyinsensitiveto changesinbypassdoor
position.At the ~ = 1.97conditionwherea bow shockstoodaheadof
thecowllip,thepressurerecoveryincreasedwithincreasingbypass
massflow. Thisincreasingrecoveryat ~ = 1.97wastheresultof the
bypassrelievingthe internalchokingin theductand therebyallowing
theterminalshockto be locatednearerto thecowllip.
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Theupperportionof figure3 showsthetotalexternaldragcoeffi-
cientat approximatelythecriticaloperatingcondition.Alongwith
thesecriticalvalues=e shownthedragriseduetobow-shockspillage

u

(asdeterminedexperimentallyduringsubcriticaloperationof the inlet)
andalsothecalculateddragrisedueto spillagebehindan oblique
shockgeneratedbya 30°half-anglecone(ref.2). At Mach2.54and
above,flowspillagethroughthisbypasssystemresultedin lessdrag
risethanspillagebehindthereference(ec= 30°)obliqueshockandmuch
lessthanspillagebehinda bow shock. On theotherhsmd,translation
of the25°-350double-conespikewouldres-ultin a dragrisesomewhat $
intermediatebetweenbow-shockand (6C= 30°)oblique-shock5Pillage”.

c@
Thisis indicatedby thedottedlinethroughthetwopoints,correspond- ‘ - ‘
ingto Mach3.48andthefull-closeddoorposition.Typically,theex-
perimentalcurvesof externaldragagainstmass-flowratioshowincreas-
inglysteeperslopeswith,increasedbypassmassflowor,correspondingly,
withincreaseddooropening.Thisis,of course,theresultof thein-
creaseddoordrag,as itpresentsa progre~sivelygreaterangleto the

—

freestresmandalsoto the“~cosinetfeffecton bypass-flowmomentumas
it dischargesat higherandhigherangles.==ForMachnumbersof 2.0t~ _
3.5,a bypasstechniquehasthusbeendemm”stratedto providestableti-_
letoperationovera widerangeof mass-floyratiosandMachnumbers
withno or moderatedecreasein recoveryandwithsmallassociatedspill-
agedrags. Sucha techniqueappearsquitefeasiblefroman engine-inlet
matchingviewpoint. M

Thestatic-pressuredistributionalongtheexternalcowlsurfaceat
a Machnumberof 3.48anda mass-flowratioof unityispresentedin fig- ~
ure4. Thedistributioncomputedon thebasisof two-dimensionalshock-
expansiontheoryis alsoincluded.Agreementbetweenthetwodistribu-._, ._
tionsis reasonablygood,andtheintegrat~ddragcoefficientsa~ee _. ““._ _
within2 percent.Thiscowldragcoeffici~nt(CDc = 0.083)phIS a friC- _ _
tiondragcoefficient(computedfromthevonK&’m&nskinfrictioncoef-
ficientfora turbulentboundarylayer)agreedwellwiththetotalex:
ternaldragcoefficientderivedfromthebalanceandinternalpressure

.—

measurements. .—

Radialflowsurveystakenat theinletandexitstationsat zero
angleof attackfornear-criticaloperationarepresentedin figure5.
Thelocaltotalpressuresmeasuredneexthecenterbodywereconsiderably
higherthantheoretical,particularlyat thehigherMachnumbers.‘rhie _.
additionalcompressionwasprobablyobtainedthroughan extraoblique
shockgeneratedby a separationof thespikeboundarylayerwhich,in
turn,was causedby pressurefeedbackfrom~”theterminal-shocksystem.
A similarflowwasobservedin the seriesof testsreportedinreference – ‘“~
3. In thatinvestigation,a higherdiffuser-exitrecoverywasobtained
throughremovalof theseparatedlow-energyairwitha throatboundary-
layerbleed. Thesimilarityof inlettotal-pressureprofilesherewould

*—.

indicatethat theuseof a throatbleedin thepresentcasewouldlike-
wisebe promising. a

.—
—
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Schlierenphotographsthatillustratethesupercriticalinletflow
patternsat zeroangleof attackarepresentedin figure6. Thefirst
photographindicatestheunitymass-flow-ratioconditionat Mach3.48,
whiletheremainingphotographsshowthespikeat design ‘1 forthe
otherWch numbers.Patternsof thebypassdischargeflowarealso
shownforvariousdooropenings.

Theangle-of-attackperformanceof the inletat near-criticaloper-
ationanddesigm 61 is shownin figure7. Theusualdecreaseinpres-
surerecoveryandmass-flowratiooccurredin additionto an increasein
externaldragcoefficientwithincreasingangleof attack. Openingthe
bypassdoorschangedtheabsolutelevel”oftheseparsnetersbut had
little,if any,effecton theirrateof changewithangleof attack.

Variationof diffuser-exitflowdistortionwithangleof attackis
presentedin figure8 fornear-criticalinletoperation.Forcomparison,
thedataforthe 20°-350double-coneinletof reference4 arealsoin-
cludedin thefigure.Althoughthedistortionvaluedoesincreasewith
angleof attack,thelevelremainsrelativelylow. Also,openingthe
bypassdoorsapparentlytiprovesthedistortionlevelovertheangleof
attackrangeat ~ = 3.48. Thisimprovementdoesnotoccurat
Q = 3.01exceptat zeroangleof attack.

SUMMARYOF RWULTS

An axisymnetrictranslating-double-coneinlet(max.diam.= 16.62
in.)withfourvariablebypassdoorsmountedat a forwardstation”onthe
cowlwas evaluatedin theLewis10-by 10-footunitarywindtunnelover
a Machnumberrangefrom2.0to 3.5. Thefollowingresultswere
obtained:

1. At a Machnumberof 3.48,a criticalpressurerecoveryof 0.45
wasrealizedwitha mass-flowratioof ~fty md an externaldragcoef-
ficientof 0.10basedon themaximumfrontalareaof the inlet.

2. At allMachnumbers,a widerangeof stablereduced-mass-flow
operationwas achievedby varyingtheexitareaof thelow-anglesonic-
dischargebypass. Theattendantdragrisewas farbelowthatforcom-
parablespillagebehinda bow shockand somewhatlessthsmthatcalcu-
latedforspillagebehindan obliqueshockgenera.tedbya 30°half-angle
cone. As thebypassdoorswereopened,moderatedecreasesin recovery
wereobservedat thehigherMachnumbers.Correspondingly,at thelower
Machnumbers,recoverywasmaintainedand,in somecases,increasedwith
increasedbypassmassflow.

.

.

.
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3. Effectsof singleof attackon internalperformance(pressurere-
covery andexitflowdistortion)weregenerallytypicalof axisymmetric
inlets.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Clevelnd,Ohio,August12,1957
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TABLEI. - CENTERBODYc!oaRDmATE8

L@ldimensims ininches~

.

.

.

x

o
9.086
9.287
1-1.189
1-1.743
I-2.297
12.851
13.406
B .959
14.514
15.067
15.622
16.176
20.054
24.189
24.989

r

o
4.237
4.376
5.696
5.978
6.172
6.334
6.456
6.522
6.538
6.538
6.525
6.483
6.095
6.095
6.015/

Cone
Cylinder
Cone
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TABLE11.- COWLcoC.mmWrEs

x rl r2

o 7.197 7.242
.554 7.425 7,481

1.108 7.602 7.691
1.662 7.763 ‘“7.879
2.217 7.907 8.040
2.770 8.023 8.172
3.325 8.111 8.273
3.878 8.156 8.312-
4.4338.156 8;312
4.9878.134 8.312
5.540 8.062 8..312
6.095 7.979 8.312
6.649 7.896 8.312
7.2037.802 8,312
7.757 7.729
8.312 7.646 8:312
8.865 7.591 8.312
9.365 7.563

}

8.312
9.918 7.563Cylinder 8.312
15.820 7.563cone

}
8.312

18.285 7.347 8.312
21.056 7.347cone

}
8.312

22.500 7.840
24.000 7.840 8.230

NACARM E~H~

w

%
CD
CD

.

.
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TABLE111.- BYFASSDOORCWRIXN.ATES(CLOSEDPOSITION)

[Alldimensionsin inches~

Cowlstation4.433

rl r2

— .— -—

x

0“
.073
.627

1.180
1.735
2.289
2.843
3.397
3.952
4.505
5.005
5.558
7.165
7.290

‘1
8.156.
8.156
8.X54
8.062
7.979
7.896
7.802
7.729
7.646
7.591
7.563
7.563

1
7.563Cone
7.800

‘2
8.312
8.312
8.294
8.273
8.239
8.239~
8.239
8.239
8.239)~OIle

8.239
8.239
.8.239
7.868

\7 868 Radius.

11
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Add diatarlceh Oowl11P,x, in.

(0)Internmlareadistribution.

Figure1. - Concluded.E~crlwntal appamrus.
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Mass-flowratio,m3/~

(a)Free-streamMa&nwWr~ 3.48.

- Performancecharacteristicsatzeroangleofattack.

.

. Figure2.
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Mass-flowratio,m3/mo

(b)Fi?ee-stresmklachnumber,3.01;-cowl-positionparameter,
33.1°.

Figure2. - Continued.Performancecharacteristicsat-zero
angleofattack.
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Doorposition,
percentof
fullopen

15.8
: 47.4
0 79.0

Mass-flowratio,qj/mo

(c)Free-stremnMachmmber,2.54;cowl-positionparameter,
34.00.

Figure2.- Continued.Performancecharacteristicsatzero
angleofattack.



18 NACARM E57H~

aJ
“Q-

8’

4
d’

—
M3SS-fIOW ratio,‘-m31~

(d~~~-stresm~chnmtir,1.97;cowl-positionpmetm,
. .

F@re 2.-Conclu~e~.Performancecharacteristicsatzero
angleof attack.

#



w

co
03
u-l
+

.

.

RME57H07b 19

Doorposltlon,
percentof
fullopen

o
❑ 1:.8

E
47.4
79.0
100.0

— Bypassspillage
—— Bow-shockspillage
—-— Single-coneobllque-

shockspillage
(conehalf-angle
EJc,300)

‘--—Double-cone-spike
translation

Tailedsymbols
denote .M,.= S.AR

Mass-flowratio,m~~

Figure3.-Crltieql performance at zeroangleof attackfor rangeof Machnumbers.
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.
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●

Distancefromcowllip,x, in.

Figure4. - Static-pressuredistributionalongcowl.
IYee-stresmMachnumber,3.48;unitymass-flowratio.
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lbtal-premwre recoveryat W* and tit s~tio~, ~Po
Figme 5. - Ne=c-crltiaaltotal-pressurerecoverypr~s at inletand exit stationsat zeroangleof
attackati designcowl-po6itiauparameter.
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Free-streemMach tier, 3.01;
cowl- ositionBramater,
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fill O@m

Frae-6tream Wch -b=, 2.54; Rme- streamMach mniber,

rWH:%%2t ccl?
cOvl-

F
Sitionpmemeter>
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WOr poeitim,percentof
fullopen

o 0
❑ I-3.8

Free-stream Cawl-psitlon
Machnumber, l===%=,

% el,
aeg

3.48 32.42
.—— 3.01. 33.ls

r

.

me ~. - ~ff=t
Wet opereticm.

23

w of Rttidt, a, aeg
of angleof attackcm perfozmame at apprcdmately critical
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Angleofattack,a,deg ..-

-Variationindistortionwithangleofattack. .—
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